We demonstrate that DNA restriction fragment length polymorphism determined by pulsed-field gel electrophoresis is very useful in the investigation of the epidemiology of hospital-acquired infections caused by Alcaligenes denitrificans subsp. xylosoxydans. This approach showed that hospital-acquired infections caused by this opportunistic pathogen over a 6-month period in 10 patients hospitalized in an intensive care unit and a surgical unit were not a true outbreak. In addition, this molecular typing method established that the respiratory therapy equipment was the source of the contamination of two patients.
Alcaligenes denitrificans subsp. xylosoxydans (formerly Achromobacterxylosoxidans) is an aerobic, nonfermentative, gramnegative bacillus (6) . Although A. denitrificans subsp. xylosoxydans is often considered as a colonizer, it has also been recognized as a causative agent of various human infections, mostly in immunocompromised hosts or patients with underlying diseases including endocarditis, meningitis, and ventriculitis after neurosurgery, pneumonia, bacteremia, osteomyelitis, arthritis, and peritonitis (7, (14) (15) (16) 18) . Several outbreaks of hospital-acquired infections due to bacterial contamination of antiseptic solutions (16) , intravascular pressure transducers (2), nonbacteriostatic solutions used in diagnostic tracer procedures (8) , a diagnostic contrast solution (13) , and dialysis fluids (14) have been observed in intensive care units or postsurgical recovery areas. The increasing frequency of isolation of this opportunistic pathogen from clinical specimens might be linked to the extensive use of third-generation cephalosporins and fluoroquinolones, which are not effective against this microorganism (3, 9) and possibly select it.
Until 1992, A. denitrificans subsp. xylosoxydans was rarely isolated from patients hospitalized at Boucicaut Hospital (Paris). However, during the first six months of 1993 there were 10 cases of infection acquired in this hospital which were caused by this bacterium in a medical intensive care unit and in an otolaryngology ward. This unusually high frequency of isolation of A. denitrificans subsp. xylosoxydans prompted us to initiate an epidemiological study. We report here an investigation by pulsed-field gel electrophoresis to characterize the isolates.
MATERL&LS AND METHODS
Bacterial strains. Twelve clinical and two environmental isolates of A. denitrificans subsp. xylosoxydans were studied. They were identified with the API 32 GN system (Api, La Balme-les-Grottes, France). Reference strain CIP 6120 from the collection of the Pasteur Institute (Paris) was also included in this study. Strains were stored at 4°C on tryptic soy agar medium. Antibiotic susceptibility was determined by the disk diffusion method on Mueller-Hinton medium (bioMerieux, Marcy l'Etoile, France) inoculated with 10' CFU per ml.
Pulsed-field electrophoresis analysis of DNA. Bacterial DNA was analyzed by pulsed-field electrophoresis using the contour-clamped homogenous electric field (CHEF) technique developed by Chu et al. (1) . Briefly, bacteria were grown in trypticase soy broth to logarithmic phase, harvested, and then resuspended in TE buffer (10 mM All clinical isolates were resistant (zone diameter, <6 mm) to cephalothin, cefuroxime, cefoxitin, cefotaxime, aztreonam, gentamicin, netilmicin, amikacin, tobramycin, pefloxacin, and ciprofloxacin, as has been previously described for this bacterial species (3, 9) . A. denitrificans subsp. xylosoxydans strains resistant to ticarcillin, piperacillin, and azlocillin by production of an OXA or CARB type penicillinase have been reported (12) ; however, these penicillins could not be used to distinguish between the ten isolates, which were all highly susceptible to these carboxy-and acylpenicillins. Nevertheless, the patterns of susceptibility to two antibiotics, amoxicillin (AMX) and sulfonamide (S), allowed the strains to be classified into four groups: (i) AMX-and S-susceptible isolates (93.3, 93.5, and 93.6), (ii) AMX-susceptible and S-resistant isolates (93.1, 93.2, 93.4, and 93.8), (iii) AMX-resistant and S-susceptible isolates (93.7 and 93.10), and (iv) an AMX-and S-resistant isolate (93.9).
Identification of the source of contamination. An epidemiological investigation was conducted in the medical intensive care unit after the third case of Alcaligenes infection had occurred (in April), to determine the origin of the contamination. The bacterium was recovered in all of the first three cases from lower respiratory tract secretions collected from mechanically ventilated patients. The respiratory therapy equipment was therefore suspected to be the source 70% (6) , the restriction endonucleases XbaI and DraI, which recognize AT-rich restriction sites (TCTAGA and TTT-lAAA, respectively), were used to cleave genomic DNA.
The restriction patterns obtained after digestion of the genomic DNA by XbaI are depicted in Fig. 1 (4, 5) . Our results show that DNA polymorphism and RFLPs can be used as epidemiological tools for the species A. denitrificanis subsp. xylosoxydans (Fig. 1) .
In general, hospital-acquired infections are either sporadic or epidemic. By determining the RFLPs of clinical isolates, we have demonstrated that clusters of A. denzitrificans subsp. xylosoxydans infections occurring in two hospital wards were not due to the spread of a single bacterial strain and consequently were not a true outbreak. Three different strains were identified among eight clinical isolates from ward A, one being recovered from four patients, another one from three patients, and one from one patient. The two patients from ward B were infected by strains different from those infecting patients from ward A. In addition, the results of antibiotyping and pulsotyping correlated well: isolates belonging to pulsotype 4 were all AMX susceptible and S resistant, those of pulsotype 5 were all AMX and S susceptible, and that of pulsotype 7 was AMX and S resistant. However, pulsotyping was more discriminative than antibiotyping since it permitted differentiation of two strains, both resistant to AMX and susceptible to S.
The natural habitat of A. denitrificans subsp. xylosoxydans is an aqueous environment, and several human infections reported in the literature were water borne (14, 17) . In our study, the source of contamination of two patients in different wards was formally identified as the respiratory therapy equipment. Water from a nebulizer and a humidifier was heavily contaminated with A. denitrificans subsp. xylosoxydanis, and we demonstrated that the two environmental isolates displayed RFLP patterns identical to those of isolates recovered from the two patients. Because the eight remaining patients developed pneumonia following respiratory assistance, contamination of equipment, although not proven, appears likely.
